bP 969 700 



Page 1 of 14 



(19) 





Eur paiscrTes Patentamt 
European Patent Office 
Office eur peen des brevets 




(11) 



EP 0 969 700 A1 



(12) 



EUROPEAN PATENT APPLICATION 



(43) 


Date of publication. 


(51) Intel. 7 : H05B 33/04 




05.01.2000 Bulletin 2000/01 




(21) 


A I f A Z I AAA .A\ A A A A A 

Application number: 99304564.0 






Hntn nf filing- 1 1 AC 4 ftflfi 

uaie OT Tiling. n.Oo.iyyy 




(84) 


Designated Contracting States: 


• Onltsuka, Osamu 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Tokyo 103-8272 ( J P) 




MC NL PT SE 


• Endo, Hlroyuki 




Designated Extension States: 


Tokyo 103-8272 (JP) 




AL LT LV MK RO Si 


• Kawashima, Masayuki 


(30) 




Tokyo 103-8272 (JP) 


Priority: 12.06.1998 JP 18145898 


• Hayakawa, Toshlo 


(71) 




Tokyo 103-8272 (JP) 


Applicant: TDK Corporation 




Chuo-ku, Tokyo 103-8272 (JP) 


(74) Representative: Wise, Stephen James et al 






c/o RAWORTH, MOSS & COOK, 


(72) 


Inventors: 


Raworth House, 


• 


Ebisawa, Akira 


36 Sydenham Road 




Tokyo 103-8272 (JP) 


Croydon, Surrey CR0 2EF (GB) 


(54) 


Organic EL display assembly 





(57) An organic EL structure (4) is received in a gas- 
tight casing (3) to construct an organic EL display as- 
sembly. The organic EL structure (4) includes a hole in- 
jecting electrode, an electron injecting electrode, and at 
least one organic layer disposed between the elec- 



trodes. A desiccant (6) selected from calcium hydride, 
strontium hydride and a mixture thereof is disposed in 
the casing (3) out of contact with the organic EL struc- 
ture. This EL display assembly substantially eliminates 
the influence of moisture and has a long lifetime. 
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Description 

[0001] This invention relates to an organic electrolu- 
minescent (EL) display assembly using an organic com- 
pound, and more particularly, to an organic EL display 5 
assembly wherein a sealing space for protecting an or- 
ganic EL structure on a substrate contains a desiccant. 

BACKGROUND OF THE INVENTION 

10 

[0002] Recently, active research works have been 
made on organic EL devices. As a basic configuration, 
the organic EL device includes a hole injecting elec- 
trode, a thin film formed thereon by evaporating a hole 
transporting material such as triphenyldiamine (TPD), a f 5 
light emitting layer deposited thereon of a fluorescent 
material such as an aluminum quinolinol complex 
(Alq3), and a metal electrode or electron injecting elec- 
trode formed thereon from a metal having a low work 
function such as magnesium. Such organic EL devices 20 
are attractive in that they can achieve a very high lumi- 
nance ranging from several 100 to several 10,000 cd/ 
m 2 with a drive voltage of approximately 10 volts. 
[0003] Organic EL devices are very sensitive to mois- 
ture. Contact with moisture can cause serious problems 2s 
including separation between the light emitting layer and 
the electrode layer, deterioration of constituent materi- 
als, formation of non-light-emitting zones known as dark 
spots, and reduction of the luminous area. As a result, 
the EL devices fail to maintain light emission of the de- 30 
sired quality. 

[0004] One known solution to this problem is to shield 
an organic EL multilayer structure on a substrate from 
the exterior by tightly securing a gas-tight casing or seal- 
ing layer to the substrate so as to enclose the EL struc- 35 
ture, as disclosed in JP-A 5-36475, 5-89959, and 
7-169567. 

[0005] Despite the provision of such casings or seal- 
ing layers, moisture gradually penetrates in the interior 
with the lapse of drive time whereby the devices deteri- 40 
orate in several aspects, such as a drop of light emission 
luminance, generation or enlargement of dark spots, 
and reduction of the luminous area. Eventually the de- 
vices become unusable because of failure of light emis- 
sion. 45 
[0006] It was also proposed to accommodate the or- 
ganic EL structure in a gas-tight casing in which a des- 
iccant is contained. For example, JP-A 3*261091 dis- 
closes diphosphorus pentoxide (P 2 O s ) as the desiccant. 
However, P 2 O s tends to absorb moisture and becomes so 
liquid (deliquescence) and thus forms phosphoric acid, 
which can be detrimental to the organic EL structure. 
The introduction of P2O5 into the casing requires a care- 
ful limited procedure. This technique is impractical. 
[0007] JP-A 6-176B67 discloses fine powdery solid ss 
desiccants such as zeolite, active alumina, silica gel, 
and calcium oxide. The desiccants of the type that phys- 
ically adsorbs water, typically zeolite, release the once 



adsorbed water by the heat associated with the light 
emission of the organic EL device. The lifetime of the 
device is not fully long. 

[0008] JP-A 9-148066 discloses desiccants in the 
form of compounds capable of chemically adsorbing 
moisture and maintaining a solid state even after mois- 
ture absorption; for example, alkali metal oxides, alka- 
line earth metal oxides, sulfates, and metal halides. Be- 
cause of. the chemical adsorption, once water is ad- 
sorbed, these compounds no longer release the water. 
The lifetime of the device is increased, but not to a sat- . 
isfactory extent. 

SUMMARY OF THE INVENTION 

[0009] Therefore, an object of the invention is to pro- 
vide an organic EL display assembly which is easy to 
fabricate, is protected from moisture and other deleteri- 
ous elements, deteriorates little with time, and maintains 
the initial performance over a long period of time and 
hence, has a bng lifetime. 

[0010] According to the invention, there is provided 
an organic electroluminescent (EL) display assembly 
comprising a gas-tight casing, an organic EL structure 
received in the casing, and a desiccant disposed in the 
casing out of contact with the organic EL structure. The 
organic EL structure includes a hole injecting electrode, 
an electron injecting electrode, and at least one organic 
layer disposed between the electrodes. The desiccant 
is comprised of calcium hydride, strontium hydride or a 
mixture of calcium hydride and strontium hydride, pref- 
erably calcium hydride. Preferably, the gas-tight casing 
includes a substrate on which the organic EL structure 
is laid up, a sealing member disposed above and 
spaced from the organic EL structure, and a sealing ad- 
hesive for bonding the sealing member to the substrate. 
The space between the sealing member and the organic 
EL structure is preferably filled with nitrogen. 
[0011] The organic EL display assembly of the inven- 
tion includes an organic EL device in the form of an or- 
ganic EL structure having a hole injecting electrode, an 
electron injecting electrode, and at least one organic lay- 
er disposed between the electrodes. The organic EL 
structure is received in a gas-tight casing. Calcium hy- 
dride and/or strontium hydride is disposed in the casing 
as a desiccant out of contact with the organic EL struc- 
ture. By containing calcium hydride and/or strontium hy- 
dride as a desiccant in the gas-tight casing, the EL de- 
vice is significantly increased in lifetime. This is because 
the desiccant picks up the moisture (or atmospheric wa- 
ter vapor) that will penetrate within the casing after its 
sealing so that the concentration of moisture within the 
casing is minimized. 

[001 2] Calcium hydride and strontium hydride pick up 
moisture according to the following reaction scheme. 

CaH 2 + 2H 2 0 -> Ca(OH) 2 + 2H 2 



3 



EP 0 969 700 A1 



4 



SrH 2 + 2H 2 0 -> Sr(OH) 2 + 2H 2 

[001 3] Since the compounds {or hydroxides) resulting 
from reaction with water are stable, the once picked up 
water is never released again. The use of calcium hy- 
dride and strontium hydride as the desiccant has the ad- 
ditional advantage that hydrogen generates along with 
water removal so that the interior of the gas-tight casing 
becomes a reducing atmosphere, which prevents the 
electrodes, especially the electron injecting electrode, 
from deterioration. Consequently, the lifetime of the EL 
device is further prolonged. The lifetime is long enough 
as compared with the use of the compounds described 
in JP-A 9-148066. Since an equimolar amount of hydro- 
gen evolves upon adsorption of water vapor as under- 
stood from the reaction scheme, the change of the in- 
ternal pressure within the gas-tight casing is little or nil, 
which is advantageous in maintaining the seal. The 
compounds described in JP-A 9-148066 are disadvan- 
tageous in this respect too. 

[001 4] Moreover, the desiccant used herein maintains 
a solid state even after moisture absorption. As long as 
the desiccant is disposed out of contact with the organic 
EL structure, the desiccant can exert no deleterious ef- 
fect thereon. The desiccant can be easily contained in 
the casing. 

BRIEF DESCRIPTION OF THE DRAWING 

[0015] The only figure, FIG. 1 schematically illustrates 
the construction of an organic EL display assembly ac- 
cording to one embodiment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0016] The organic EL display assembly of the inven- 
tion includes an organic EL device in the form of an or- 
ganic EL structure having a hole injecting electrode, an 
electron injecting electrode, and at least one organic lay- 
er disposed between the electrodes. The organic EL 
structure is received in a gas-tight casing. Either one or 
both of calcium hydride and strontium hydride are dis- 
posed in the casing out of contact with the organic EL 
structure. The initial composition of calcium hydride 
(CaH 2 ) and strontium hydride (SrH 2 ) as the desiccant 
may somewhat deviate from the stoichiometry. The des- 
iccant is admitted into the casing in such a manner as 
to minimize its contact with atmospheric water vapor. 
[001 7] Equivalent effects are achieved when either of 
CaH 2 and SrH 2 is used. The use of aluminum lithium 
hydride (AILiH 4 ) may be contemplated. However, since 
AILiH 4 is highly reactive, argon (Ar) must sometimes be 
used as the sealing gas within the gas-tight casing. In 
this respect, CaH 2 is advantageous because it is com- 
patible with nitrogen (N 2 ) as the sealing gas. 
[0018] Calcium hydride and/or strontium hydride is 



preferably contained in the gas-tight casing in an 
amount of about 0.0001 mg to about 0.5 mg per cubic 
millimeter (mm 3 ) of the space in the casing. Less 
amounts of calcium hydride and strontium hydride 

5 would provide insufficient moisture removal. As the 
amount of calcium hydride and strontium hydride be- 
comes larger, more moisture is removed and the lifetime 
of the display assembly is accordingly increased. If the 
desiccant comes in contact with the organic EL struc- 

10 ture, the desiccant rather gives adverse effects. Usually 
the upper limit of the amount of the desiccant contained 
is about 1 mg/mm 3 . When a mixture of calcium hydride 
and strontium hydride is used, the total amount should 
fail within the above-defined range. 

is [001 9] Calcium hydride and strontium hydride may be 
used in the form of particles, which preferably have a 
mean particle size of about 0.01 to about 1 0 um Outside 
this range, a greater particle size corresponds to a 
smaller surface area and hence, a drop of water absorp- 

20 tion. Particles with a smaller particle size are difficult to 
store and handle while keeping their water absorbing 
ability. 

[0020] Calcium hydride and strontium hydride are dis- 
posed within the gas-tight casing so as to avoid contact 

25 with the organic EL structure. This is to avoid any dele- 
terious effect on the organic EL structure. The manner 
of disposition is not critical. For example, a shaped body 
of calcium hydride and strontium hydride is fixedly se- 
cured within the gas-tight casing; calcium hydride and 

30 strontium hydride is contained in a gas-permeable bag 
or container made of porous Teflon® which is fixedly se- 
cured within the gas-tight casing; and a substrate or 
sealing plate is provided with a recess or partition where 
calcium hydride and strontium hydride is placed. Alter- 

35 natively, calcium hydride and strontium hydride can be 
applied to the gas-tight casing as a thin or thick film by 
screen printing or reactive sputtering. The thickness of 
the film is preferably about 0.1 to 100 u/n. 
[0021] Referring to FIG. 1 , the construction of the or- 

40 ganic EL display assembly of the invention is described. 
The organic EL display assembly includes a substrate 
1 , an organic EL structure 4 laid up on the substrate 1 , 
a sealing plate 3 disposed above and spaced from the 
organic EL structure, a spacer disposed along a con- 

45 necting portion of the sealing plate 3 for keeping the 
sealing plate 3 at a predetermined distance from the 
substrate 1 to define a space, and a sealing adhesive 2 
for securing the sealing plate 3 and sealing the organic 
EL structure. It is understood that the spacer is admixed 

50 in the adhesive. The space defined between the sealing 
plate 3 and the substrate 1 (organic EL structure 4) con- 
tains a desiccant 6 (calcium hydride and/or strontium hy- 
dride) out of contact with the organic EL structure 4 and 
is filled with a sealing or filler gas. In the illustrated em- 

55 bodiment, the desiccant 6 is disposed in a recess in the 
sealing plate 3 and retained there by a sheet 5 having 
gas and water vapor permeability. The desiccant may 
be held to the sealing plate 3 by similar means without 
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forming a recess in the plate 3. Any desired retainer may 
be used for securing the desiccant within the space in- 
sofar as the desiccant is held so as to avoid contact with 
the organic EL structure 4. 

[0022] As the filler gas within the gas-tight casing, in- 
ert gases such as argon (Ar), helium (He) and nitrogen 
(N 2 ) are used. When calcium hydride is used as the des- 
iccant, nitrogen is preferred. When AILiH 4 is used as the 
desiccant, argon is preferred because the use of nitro- 
gen as the filler gas is prohibited at higher temperatures. 
[0023] The filler gas should preferably have a water 
content of up to about 100 ppm, more preferably up to 
about 10 ppm, and most preferably up to about 1 ppm. 
The lower limit of the water content is not critical al- 
though it is usually about 0.1 ppm. The use of such filler 
gas restrains the hole injecting electrode, organic layer 
and electron injecting electrode of the organic EL struc- 
ture themselves and at their interfaces from deteriora- 
tion by chemical reaction with water, thereby maintain- 
ing the initial performance over a longer period of time. 
[0024] The sealing plate is generally made of trans- 
parent or translucent materials such as glass, quartz 
and resins, with glass being preferred. As the glass ma- 
terial, preferred glass compositions are soda lime glass, 
lead alkali glass, borosilicate glass, aluminosilicate 
glass, and silica glass. The sealing plate is preferably a 
flat plate. The sealing plate may be provided with a re- 
cess where the desiccant is disposed as described 
above. Since the provision of a recess adds to the cost, 
inexpensive flat glass (or plate glass) is preferably used. 
The method of preparing glass plates includes roll-out, 
down-draw, fusion, and float methods. The preferred 
method for the surface treatment of glass plates is abra- 
sive machining, Si0 2 barrier coating or the like. Among 
others, plates of soda lime glass prepared by the float 
method and not subject to surface treatment are pre- 
ferred partially because of their low cost. Besides the 
plate glass, metal plates and plastic plates may be used 
as the sealing plate. 

[0025] Means for adjusting the height of the sealing 
plate above the substrate is preferably a spacer though 
not limited thereto. The use of a spacer enables low- 
cost easy adjustment to the desired height. The spacer 
may be made of resin beads, silica beads, glass beads, 
and glass fibers, with the glass beads being especially 
preferred. The thickness of the spacer is preferably 
about 1 to 500 \im, more preferably about 1 to 200 urn 
and most preferably about 1 to 20 |im or about 100 to 
200 ujti. 

[0026] Where the sealing plate is provided with a re- 
cess, the spacer may or may not be used. The spacer, 
if used, should preferably have a thickness as described 
just above, especially about 1 to 20 um The amount of 
adhesive applied varies with the size of the spacer al- 
though it is preferably about 1 to 1 00 mg/cm 2 , more pref- 
erably 1 to 10 mg/cm 2 . 

[0027] The spacer is preferably used together with the 
sealing adhesive. With the sealing adhesive applied to- 



gether, the spacer can be secured and sealed at the 
same time. The spacer is generally comprised of parti- 
cles having a narrow particle size distribution while the 
shape of particles is not critical. Particles of various 

s shapes may be used insofar as the spacer function is 
not impaired. It is understood that the adhesive itself 
may serve as the spacer, and that the spacer may be 
formed integrally with the sealing plate. 
[0028] The adhesive is preferably a UV curable epoxy 

10 resin-base adhesive of the cation curing type. The ma- 
terials of the respective layers of the organic EL multi- 
layer structure generally have a glass transition temper- 
ature of less than about 140°C, especially about 80 to 
100°C. If conventional adhesives of the thermosetting 

75 type having a curing temperature of about 140 to 180°C 
are used, the organic EL structure softens upon curing 
of the adhesive, detracting from its characteristics. By 
contrast, UV curing type adhesives do not cause such 
softening of the organic EL structure. However, most UV 

20 curable adhesives commonly used at present are acrylic 
and thus have the problem that the acrylic monomer 
contained therein volatilizes upon curing and adversely 
affects the materials of the respective layers of the or- 
ganic EL structure to deteriorate their characteristics. 

25 For this reason, a UV curable epoxy resin-base adhe- 
sive of the cation curing type which eliminates or sub- 
stantially eliminates the above problem is used in the 
practice of the invention. 

[0029] Among commercially available UV curable 

30 epoxy resin-base adhesives, epoxy resin-base adhe- 
sives of the combined UV/heat curing type are included. 
Most of these adhesives in which an acrylic resin of the 
radical curing type and an epoxy resin of the heat curing 
type are mixed or modified have not solved the problem 

35 of volatilization of acrylic monomer associated with the 
acrylic resins and the problem of curing temperature as- 
sociated with the thermosetting epoxy resins. These ad- 
hesives are thus not suited for use with the organic EL 
device according to the invention. 

40 [0030] The UV curable epoxy resin-base adhesive of 
the cation curing type is a composition comprising an 
epoxy resin as a base resin and a Lewis acid salt type 
curing agent capable of releasing a Lewis acid catalyst 
through photolysis upon exposure to light, typically ul- 

45 traviolet radiation, as a main curing agent wherein the 
Lewis acid generated by light irradiation serves as a cat- 
alyst for the epoxy resin to polymerize through a cation 
polymerization type reaction mechanism until it is cured. 
[0031] The epoxy resin as the base resin of the adhe- 

50 sive may be selected from among epoxidized olefin res- 
ins, alicyclic epoxy resins, and novolac epoxy resins. 
Examples of the curing agent include Lewis acid salts 
of aromatic diazonium, Lewis acid salts of diallyl iodo- 
nium, Lewis acid salts of triallyl sutfonium, and Lewis 

55 acid salts of triallyl selenium. 

[0032] No particular limit is imposed on the height of 
the organic EL structure deposited on the substrate. Of- 
ten, the organic EL structure preferably has a height of 
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about 100 to 1,000 nm, more preferably about 300 to 
800 nm. The distance from the surface of the substrate 
on which the organic EL structure is deposited to the 
lower surface of the sealing plate is preferably up to 
about 200 \xm, more preferably about 80 to 150 um 
[0033] Since the organic EL device is very sensitive 
to moisture, the securing of the sealing plate and the 
introduction of filler materials should preferably be car- 
ried out in an inert gas atmosphere such as dry nitrogen, 
argon or helium. Since the calcium hydride or strontium 
hydride desiccant is reactive with water, the desiccant 
which has been fully dried is preferably used in order to 
reduce the water content within the sealing space. The 
steps of depositing the organic EL structure, placing the 
desiccant and sealing are preferably carried out in-proc- 
ess without exposing to the ambient atmosphere. 
[0034] Next, the organic EL structure constructing the 
organic EL device according to the invention is de- 
scribed. The organic EL structure includes on a sub- 
strate, a hole injecting electrode, an electron injecting 
electrode, and at least one organic layer disposed be- 
tween the electrodes. The organic layer includes at least 
one hole transporting layer and at least one light emitting 
layer, on which the electron injecting electrode is dis- 
posed. A protective electrode may be disposed as the 
uppermost layer. The hole transporting layer may be 
omitted. The electron injecting electrode is made of a 
metal, compound or alloy having a low work function 
which is deposited by evaporation or sputtering, prefer- 
ably sputtering. 

[0035] A transparent electrode is preferred as the hole 
injecting electrode because a structure allowing emitted 
light to exit from the substrate side is typical. Useful ma- 
terials for transparent electrodes include tin-doped indi- 
um oxide (ITO), zinc-doped indium oxide (IZO), zinc ox- 
ide (ZnO), tin oxide (Sn0 2 ), and indium oxide (ln 2 0 3 ), 
with ITO and IZO being preferred. For ITO, an appropri- 
ate proportion of Sn0 2 mixed with ln 2 0 3 is about 1 to 
20%, more preferably about 5 to 12% by weight. For 
IZO, an appropriate proportion of ZnO mixed with ln 2 O a 
is about 1 to 20%, more preferably about 5 to 12% by 
weight. Additionally, Sn, Ti, Pb, etc. may be contained 
in the form of oxides in an amount of up to about 1 % by 
weight calculated as oxide. 

[0036] The hole injecting electrode may be formed by 
evaporation and other processes although it is prefera- 
bly formed by a sputtering process. When sputtering is 
used in forming ITO and IZO electrodes, a target of 
ln 2 0 3 doped with Sn0 2 or ZnO is preferably used. When 
a transparent ITO electrode is deposited by sputtering, 
it experiences a less change of luminance with time than 
an evaporated electrode. The preferred sputtering proc- 
ess is a DC sputtering process wherein the input power 
is preferably in the range of about 0.1 to 4 W/cm 2 . The 
power of the DC sputtering equipment is preferably in 
the range of about 0.1 to 10 W/cm 2 , especially about 0.2 
to 5 W/cm 2 . The deposition rate is preferably in the 
range of about 2 to 100 nm/min, especially about 5 to 



50 nm/min. 

[0037] The sputtering gas is not critical, and any of 
inert gases such as Ar, He, Ne, Kr, and Xe and mixtures 
thereof may be used. The pressure of the sputtering gas 
s during sputtering is usually about 0.1 to about 20 Pa. 
.[0038] The hole injecting electrode may have a suffi- 
cient thickness for hole injection and is preferably about 
5 to about 500 nm thick, especially about 10 to 300 nm 
thick. 

w [0039] The electron injecting electrode is preferably 
formed from materials having a low work function to en- 
sure effective electron injection, for example, metal el- 
ements such as K, Li, Na, Mg, La, Ce, Ca, Sr, Ba, Al, 
Ag, In, Sn, Zn, Zr, Cs, Er, Eu, Ga, Hf, Nd, Rb, Sc, Sm, 

*5 Ta, Y, and Yb, and compounds such as BaO, BaS, CaO, 
HfC, LaB 6 , MgO, MoC, NbC, PbS, SrO, TaC, ThC, 
ThG 2 , ThS, TiC, TiN, UC, UN, U0 2 , W 2 C, Y 2 0 3 , ZrC, 
ZrN, and Zr0 2 . Also, binary or ternary alloys made of 
two or three such metal elements are preferred for sta- 

20 bilrty improvement. Exemplary preferred alloys are alu- 
minum base alloys such as Al-Ca (Ca: 5 to 20 at%), Al- 
In (In: 1 to 10 at%), Al-Li (Li: 0.1 to less than 20 at%), 
and Al-R wherein R is Y, Sc or rare earth elements; and 
In-Mg (Mg: 50 to 80 at%). Among others, elemental alu- 

25 minum and aluminum base alloys such as Al-Li (Li: 0.4 
to less than 6.5 at% or Li: 6.5 to 14 at%), and Al-R (R: 
0.1 to 25 at%, especially 0.5 to 20 at%) are preferred 
because least compressive stresses are induced. Ac- 
cordingly, the metal or alloy of which the electron inject- 

30 ing electrode is made is used as the sputtering target. 
Metals and alloys having a work function of up to 4.5 e V, 
especially up to 4.0 eV are preferred. 
[0040] The use of the sputtering process in forming 
the electron injecting electrode has several advantages. 

35 The electron injecting electrode film formed by the sput- 
tering process is improved in adhesion at the interface 
with the organic layer because as compared with the 
evaporation process, the sputtered atoms and atomic 
groups acquire relatively high kinetic energy so that the 

^o surface migration effect may occur. Also, since the sur- 
face oxide layer can be removed in vacuum by effecting 
pre-sputtering or the moisture and oxygen which have 
adsorbed on the organic layer interface can be removed 
by effecting back sputtering, it is possible to form a clean 

45 elect rode -organic layer interface and a clean electrode 
and eventually, to fabricate an organic EL device of qual- 
ity and stable performance. Alloys within the above-de- 
fined compositional range or elemental metals may be 
used as the target while targets of such alloys or metals 

50 with any desired component added are also acceptable. 
Further, even when a mixture of materials having signif- 
icantly different vapor pressures is used as the target, 
there occurs only a slight shift in composition between 
. the target and the film deposited therefrom, which elim- 

55 jnates the limits that are imposed on the materials by 
the vapor pressure or the like in the case of the evapo- 
ration process. The sputtering process is also advanta- 
geous in productivity as compared with the evaporation 
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process, because it is unnecessary to supply the mate* 
rial for a long period of time and the resulting film is well 
uniform in thickness and quality. 
[0041] Since the electron injecting electrode formed 
by the sputtering process is a dense film which minimiz- 
es the ingress of moisture as compared with an evapo- 
rated film of sparse packing, there can be obtained an 
organic EL device having high chemical stability and a 
long lifetime. 

[0042] The pressure of the sputtering gas during sput- 
tering is preferably in the range of about 0.1 to 5 Pa. By 
controlling the pressure of the sputtering gas within this 
range, an Al-Li alloy having a lithium concentration with- 
in the above-defined range can be easily obtained. Also, 
by changing the pressure of the sputtering gas within 
this range during film deposition, an electron injecting 
electrode having a graded lithium concentration as de- 
scribed above can be easily obtained. Furthermore, 
deposition conditions are preferably controlled such that 
the product of the substrate-to-target distance multiplied 
by the pressure of the sputtering gas may fall in the 
range of 20 to 65 Pa-cm 

[0043] The sputtering gas may be an inert gas as used 
in conventional sputtering apparatus, and in the case of 
reactive sputtering, a reactive gas such as N 2 , H 2 , 0 2 , 
C 2 H 4 or NH 3 may be used in addition to the inert gas. 
[0044] The sputtering process may be a high-frequen- 
cy sputtering process using an RF power supply al- 
though a dc sputtering process is preferably used be- 
cause the rate of film deposition is easily controllable 
and for the purpose of minimizing the damage to the or- 
ganic EL device structure. The power to the dc sputter- 
ing apparatus is preferably in the range of about 0.1 to 
10 W/cm 2 especially about 0.5 to 7 W/cm 2 Also, the 
rate of film deposition is preferably in the range of about 
5 to 100 nm/min, especially about 10 to 50 nm/min. 
[0045] The electron injecting electrode thin film 
should have a sufficient thickness for electron injection, 
typically at least 1 nm, preferably at least 3 nm. The up- 
per limit of thickness is not critical although the film thick- 
ness generally ranges from about 3 nm to about 500 nm. 
[0046] The organic EL device of the invention may in- 
clude a protective electrode on the electron injecting 
electrode, that is, on the surface of the electron injecting 
electrode which is situated remote from the organic lay- 
er. The provision of the protective electrode is effective 
for protecting the electron injecting electrode from the 
surrounding atmosphere and moisture, preventing the 
thin films from deterioration, stabilizing the efficiency of 
electron injection, and remarkably increasing the life- 
time of the device. The protective electrode has a very 
low resistivity so that it may serve as a wiring electrode 
in case the electron injecting electrode has a high resis- 
tivity. This protective electrode contains at least one of 
aluminum, a mixture of aluminum and a transition metal 
(excluding titanium), titanium and titanium nitride (TiN). 
When these components are used alone, it is preferred 
that the protective electrode contain about 90 to 1 00 at% 



of Al, about 90 to 100 at% of Ti or about 90 to 100 mol% 
of TiN. When a mixture of two or more components is 
used, the mix ratio of the components is not critical. 
When a mixture of aluminum and titanium is used, the 

s mixture preferably contains up to 10 at% of Ti. Alterna- 
tively, layers each composed of a single component are 
laid up. In particular, aluminum or a mixture of aluminum 
and a transition metal gives better resufts when used as 
the wiring electrode as will be described later; and tita- 

10 nium nitride is highly corrosion resistant and thus effec- 
tive as a sealing film. Titanium nitride (TiN) may deviate 
about 10% from its stoichiometry. The alloys of alumi- 
num and a transition metal may contain transition metals 
such as Sc, Nb, Zr, Hf, Nd, Ta, Cu, Si, Cr, Mo, Mn, Ni, 

15 Pd, Pt and W, preferably in a total amount of up to 10 
at%, more preferably up to 5 at%, and most preferably 
up to 2 at%. The lower the content of transition metal, 
the lower becomes the thin film resistance when the 
electrode serves as a wiring conductor. 

20 [0047] The protective electrode has a thickness suffi- 
cient to ensure efficient electron injection and prevent 
ingress of moisture, oxygen and organic solvents, pref- 
erably a thickness of at least 50 nm, more preferably at 
least 100 nm, and especially 100 to 1 ,000 nm. Too thin 

25 a protective electrode layer would fail to achieve the 
above effects or to provide step coverage so that its con- 
nection to a terminal electrode becomes insufficient. Too 
thick a protective electrode layer would accumulate 
more stresses, resulting in an increased growth rate of 

30 dark spots. In the embodiment wherein the protective 
electrode serves as the wiring electrode, the thickness 
of the protective electrode is usually about 1 00 to 500 
nm when the electron injecting electrode is thin and has 
a high film resistance and the protective electrode must 

35 compensate for that film resistance, and otherwise 
about 100 to 300 nm. 

[0048] The total thickness of the electron injecting 
electrode and the protective electrode combined is pref- 
erably about 100 to 1 ,000 nm though not critical. 

40 [0049] Following the electrode formation, a protective 
film may be formed in addition to the protective elec- 
trode, using an inorganic material such as SiOx or an 
organic material such as Teflon and chlorine-containing 
fluorinated hydrocarbon polymers. The protective film 

45 may be either transparent or opaque and have a thick- 
ness of about 50 to 1,200 nm. Apart from the reactive 
sputtering process mentioned above, the protective film 
may also be formed by an ordinary sputtering, evapora- 
tion or PECVD process. 

50 [0050] Further, a sealing plate is provided on the de- 
vice in order to prevent the organic layers and elec- 
trodes from oxidation. In order to prevent the ingress of 
moisture, the sealing plate is formed by attaching a 
glass plate to the substrate with the adhesive for sealing. 

55 Metal plates and plastic plates may also be used. 
[0051] Next, the organic material layers included in 
the organic EL device of the invention are described. 
[0052] The light emitting layer has the functions of in- 
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jecting holes and electrons, transporting them, and re- 
combining holes and electrons to create excitons. It is 
preferred that relatively electronically neutral com- 
pounds be used in the light emitting layer 
[0053] The hole injecting and transporting layer has 
the functions of facilitating injection of holes from the 
hole injecting electrode, transporting holes stably, and 
obstructing electron transportation. The electron inject- 
ing and transporting layer has the functions of facilitating 
injection of electrons from the electron injecting elec- 
trode, transporting electrons stably, and obstructing 
hole transportation. These layers are effective for in- 
creasing the number of holes and electrons injected into 
the light emitting layer and confining holes and electrons 
therein for optimizing the recombination region to im- 
prove light emission efficiency. 
[0054] The thicknesses of the light emitting layer, the 
hole injecting and transporting layer, and the electron 
injecting and transporting layer are not critical and vary 
with a particular formation technique. Usually, their 
thickness is preferred to range from about 5 nm to about 
500 nm, especially about 10 nm to about 300 nm. 
[0055] The thickness of the hole injecting and trans- 
porting layer and the electron injecting and transporting 
layer is equal to or ranges from about 1/1 0 times to about 
1 0 times the thickness of the light emitting layer although 
it depends on the design of a recombination/light emit- 
ting region. When the electron or hole injecting and 
transporting layer is divided into an injecting layer and 
a transporting layer, preferably the injecting layer is at 
least 1 nm thick and the transporting layer is at least 1 
nm thick. The upper limit of thickness is usually about 
500 nm for the injecting layer and about 500 nm for the 
transporting layer. The same film thickness applies 
when two injecting/transporting layers are provided. 
[0056] The light emitting layer of the organic EL de- 
vice of the invention contains a fluorescent material that 
is a compound having a light emitting capability. The flu- 
orescent material may be at least one member selected 
from compounds as disclosed, for example, in JP-A 
63-264692, such as quinacridone, rubrene, and styryl 
dyes. Also, quinoline derivatives such as metal complex 
dyes having 8-quinolinol or a derivative thereof as the 
ligand such as tris(8-quinolinolato)aluminum are includ- 
ed as well as tetraphenylbutadiene, anthracene, peryl- 
ene, coronene, and 1 2-phthaloperinone derivatives. 
Further useful are phenylanthracene derivatives de- 
scribed in JP-A 8-12600 and the tetraarylethene deriv- 
atives described in JP-A 8-12969. 
[0057] It is preferred to use such a compound in com- 
bination with a host material capable of light emission 
by itself, that is, to use the compound as a dopant. In 
this embodiment, the content of the compound in the 
light emitting layer is preferably 0.01 to 10% by weight, 
especially 0.1 to 5% by weight. By using the compound 
in combination with the host material, the light emission 
wavelength of the host material can be altered, allowing 
light emission to be shifted to a longer wavelength and 



improving the luminous efficacy and stability of the de- 
vice. 

[0058] As the host material, quinolinolato complexes 
are preferable, with aluminum complexes having 8-qui- 
s nolinol or a derivative thereof as the ligand being more 
preferable. These aluminum complexes are disclosed 
in JP-A 63-264692, 3-255190, 5-70733, 5-258859 and 
6-215874. 

[0059] Illustrative examples include tris(8-quino- 
10 linolato)-aluminum, bis(8-quinolinolato)magnesium, bis 
(benzo{/}-8-quinolinolato)zinc, bis(2-methyl-8-quino- 
linolato)aluminum oxide, tris(8-quinolinolato)indium, tris 
(5-methyl-8-quinolinolato)aluminum, 8-quinolinolato- 
lithium, trislS-chloro-S-quinolinolatolgallium, bis(5-chlo- 
75 ro-8-quinolinolato)calcium, 5,7-dichloro-8-quinolinola- 
toaluminum, tris(5,7-dibromo-8-hydroxyquinolinolato) 
aluminum, and poly[zinc(ll)-bis(8-hydroxy-5-quinolinyl) 
methane]. 

[0060] Also useful are aluminum complexes having an- 

20 other ligand in addition to 8-quinolinoI or a derivative there- 
. of. Examples include bis(2-methyl-8-quinolinolato)(pheno- 
lato)-aluminum(lll), bis(2-methyl-8-quinolinolato)(ortho- 
cresolato)aluminum(lll), bis(2-methyl-8-quinolinolato)- 
(meta-cresolato)aluminum(lll), bis(2-methyl-8-quinolinola- 

25 toXpara-cresolatoJaluminumOII), bis(2-methyl-8-quino- 
linolato)(ortho-phenylphenolato)aluminum(lll), bis(2-me- 
thyl-8-quinolinolato) (meta-phenylphenolato)-aluminum 
(III), bis(2-methyl-8-quinolinolato)(para-phenylphenolato) 
aluminum(lll), bis(2-methyl-8-quinoiinolato)(2 > 3-dimethyl- 

30 phenolato)aluminum(lll) l bis(2-methyl-8-quinolinolato)(2,6 
-dimethylphenolato)aluminum(lll), bis(2-methyl-8-quino- 
linolatoJfS^-dimethylphenolatoJ-aluminumflll), bis(2-me- 
thyl-8-quinolinolato) (3,5-dimethylphenolato)aluminum 
(III), bis(2-methyl-8-quinolinolato)(3,5-di-tert-butyIpheno- 

35 lato)aluminum(lll), bis(2-methyl-8-quinolinolato)(2,6-di- 
phenylphenolato)aluminum(lll), bis(2-methyl-8-quino- 
linolato)-(2,4 ) 6-triphenylphenolato)aluminum(lll), bis(2- 
methyl-8-quinolinolato) (2,3,6-trimethylphenolato)alumi- 
num(lll), bis(2-methyl-8-quinolinolato)(2,3,5,6-tetrameth- 

40 ylphenoiato)aluminum(lll), bis(2-methyl-8-quinolinolato) 
(1 -naphtholato)aluminum(lll), bis(2-methyl-8-quinolinola- 
to)(2-naphtholato)aluminum(lll), bis(2,4-dimethyl-8-quino- 
linolato)(ortho-phenylphenolato)aluminum(lll), bis(2,4- 
dimethyl-8-quinolinolato) (para-phenylphenolato)-alumi- 

45 num(lll), bis(2,4-dimethyl-8-quinolinolato)(meta-phenyl- 
phenolato)alumin um(l 1 1 ), bis(2,4-dimethyl-8-quinolinolato) 
(S.S-dimethylphenolatoJaluminumtlll), bis(2,4-dimethyl- 
B-quinolinolatoJfS.S-di-tert-butylphenolatoJaluminumtlll), 
bis(2-methyM-ethyl-8-quinolinolato)(para-cresoiato)alu- 

50 minum(lll), bis(2-methyl-4-methoxy-8-quinolinolato)(para- 
phenylphenolato)-aluminum(III), bis(2-methyl-5-cyano- 
8-quinolinolato)(ortho-cresolato)aluminum(lll), and bis 
(2-methyl-6-trifluoromethyl-8-quinolinolato)(2-naphthola- 
to)-aluminum(lll). 

55 [0061] Also acceptable are bis(2-methyl-8-quino- 
linolato)-aluminum(lll)-^-oxo-bis(2-methyl-8-quino- 
linolato)aluminum (III), bis(2,4-dimethyl-8-quinolinola- 
to)aluminum(lll)-u.-oxo-bis(2,4-dimethyl-8-quinolinola- 
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to)aluminum(lll), bis(4-ethyl-2-methyl-8-quinolinolato) 
aluminum(lll)-u.-oxo-bis (4-ethyl-2-methyl-8-quinolino- 
lato)aluminum(lll), bis(2-methyl-4-methoxyquinolinola- 
to)aluminum(lll)-p-oxo-bis (2-methyl-4-methoxyquino- 
linolato)aluminum(ill), bis(5-cyano-2-methyl-8-quino- 5 
linoiato)aluminum(lll)-u.-oxo-bis (5-cyano-2-methyl-8- 
quinolinolato)aluminum(lll), and bis(2-methyl-5 : trifluor- 
omethyl-8-quinolinolato)aluminum(lll)-|ioxo-bis(2-me- 
thyl-54rifluoromethyl-8-quinolinolato)aluminum(lll). 
[0062] Other useful host materials are the phenylan- io 
thracene derivatives described in JP-A 8-1 2600 and the 
tetraarylethene derivatives described in JP-A 8-12969. 
[0063] The light emitting layer may also serve as the 
electron injecting and transporting layer. In this case, tris 
(8-quinolinolato)aluminum etc. are preferably used, is 
These fluorescent materials may be evaporated. 
[0064] Also, if necessary, the light emitting layer may 
also be a layer of a mixture of at least one hole injecting 
and transporting compound and at least one electron 
injecting and transporting compound, in which a dopant 20 
is preferably contained. In such a mix layer, the content 
of the dopant is preferably 0.01 to 20% by weight, es- 
pecially 0.1 to 15% by weight. 

[0065] In the mix layer, carrier hopping conduction 
paths are created, allowing carriers to move through a 2s 
polarly predominant material while injection of carriers 
of opposite polarity is rather inhibited, and the organic 
compound becomes less susceptible to damage, result- 
ing in the advantage of an extended device life. By in- 
corporating the aforementioned dopant in such a mix 30 
layer, the light emission wavelength the mix layer itself 
possesses can be altered, allowing light emission to be 
shifted to a longer wavelength and improving the lumi- 
nous intensity and stability of the device. 
[0066] The hole injecting and transporting compound 3S 
and electron injecting and transporting compound used 
in the mix layer may be selected from compounds for 
the hole injecting and transporting layer and compounds 
for the electron injecting and transporting layer to be de- 
scribed later, respectively. Inter alia, the compound for <o 
the hole injecting and transporting layer is preferably se- 
lected from amine derivatives having strong fluores- 
cence, for example, triphenyldiamine derivatives which 
are hole transporting materials, styrylamine derivatives 
and amine derivatives having an aromatic fused ring. 
[0067] The electron injecting and transporting com- 
pound is preferably selected from quinoline derivatives 
and metal complexes having 8-quinolinol or a derivative 
thereof as a ligand, especially tris(8-quinolinolato)alu- 
minum (Alq3). The aforementioned phenylanthracene so 
derivatives and tetraarylethene derivatives are also 
preferable. 

[0068] For the hole injecting and transporting layer, 
amine derivatives having intense fluorescence are use- 
ful, for example, the triphenyldiamine derivatives, styr- ss 
ylamine derivatives, and amine derivatives having an ar- 
omatic fused ring, exemplified above as the hole trans- 
porting material. 



[0069] The mix ratio is preferably determined in ac- 
cordance with the carrier density and carrier mobility. It 
is usually preferred that the weight ratio of the hole in- 
jecting and transporting compound to the electron inject- 
ing and transporting compound range from about 1/99 
to about 99/1 , more preferably from about 10/90 to about 
90/10, especially from about 20/80 to about 80/20. 
[0070] Also preferably, the thickness of the mix layer 
ranges from the thickness of a mono-molecular layer to 
less than the thickness of the organic compound layer, 
specifically from 1 to 85 nm, more preferably 5 to 60 nm, 
especially 5 to 50 nm. 

[0071] Preferably the mix layer is formed by a co-dep- 
osition process of evaporating the compounds from dis- 
tinct sources. If both the compounds have approximate- 
ly equal or very close vapor pressures or evaporation 
temperatures, they may be pre-mixed in a common 
evaporation boat, from which they are evaporated to- 
gether. The mix layer is preferably a uniform mixture of 
both the compounds although the compounds can be 
present in island form. The light emitting layer is gener- 
ally formed to a predetermined thickness by evaporating 
an organic fluorescent material or coating a dispersion 
thereof in a resin binder. 

[0072] In the hole injecting and transporting layer, 
there may be used various organic compounds as de- 
scribed, for example, in JP-A 63-295695, 2-191694, 
3-792, 5-234681, 5-239455, 5-299174, 7-126225, 
7-126226, and 8-100172, and EP 0650955A1. Exem- 
plary are tetraarylbenzidine compounds (triaryldiamines 
or triphenyldiamines: TPD), aromatic tertiary amines, 
hydrazone derivatives, carbazole derivatives, triazole 
derivatives, imidazole derivatives, oxadiazole deriva- 
tives having an amino group, and polythiophenes. Two 
or more of these compounds may be used, and on such 
combined use, they may be formed as separate layers 
or mixed. 

[0073] Where the hole injecting and transporting layer 
is formed separately as a hole injecting layer and a hole 
transporting layer, two or more compounds are selected 
in a proper combination from the compounds commonly 
used in hole injecting and transporting layers. In this re- 
gard, it is preferred to laminate layers in such an order 
that a layer of a compound having a lower ionization po- 
tential may be disposed adjacent the hole injecting elec- 
trode (ITO). It is also preferred to use a compound hav- 
ing good thin film forming ability at the hole injecting 
electrode surface. The order of lamination also applies 
where a plurality of hole injecting and transporting layers 
are provided. Such an order of lamination is effective for 
lowering the drive voltage and preventing current leak- 
age and the development and growth of dark spots. 
Since evaporation is utilized in the manufacture of de- 
vices, films as thin as about 1 to 10 nm can be formed 
uniform and pinhole-free, which restrains any change in 
color tone of light emission and a drop of efficiency by 
re-absorption even if a compound having a low ioniza- 
tion potential and absorption in the visible range is used 
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in the hole injecting layer. Like the light emitting layer, 
the hole injecting and transporting layer may be formed 
by evaporating the above -mentioned compounds. 
[0074] In the electron injecting and transporting layer 
which is optionally provided, there may be used quino- 
line derivatives including organic metal complexes hav- 
ing 8-quinolinol or a derivative thereof as a ligand such 
as tris(8-quinolinolato)aluminum (Alq3), oxadiazole de- 
rivatives, perylene derivatives, pyridine derivatives, py- 
rimidine derivatives, quinoxaline derivatives, diphenyl- 
quinone derivatives, and nitro-substituted fluorene de- 
rivatives. The electron injecting and transporting layer 
can also serve as the light emitting layer. In this case, 
use of tris(B-quinolinolato)aluminum etc. is preferred. 
Like the light emitting layer, the electron injecting and 
transporting layer may be formed by evaporation or the 
like. 

[0075] Where the electron injecting and transporting 
layer is formed separately as an electron injecting layer 
and an electron transporting layer, two or more com- 
pounds are selected in a proper combination from the 
compounds commonly used in electron injecting and 
transporting layers. In this regard, it is preferred to stack 
layers in such an order that a layer of a compound hav- 
ing a greater electron affinity may be disposed adjacent 
the electron injecting electrode. The order of stacking 
also applies where a plurality of electron injecting and 
transporting layers are provided. 
[0076] The substrate may be provided with a color fil- 
ter film, a fluorescent material-containing color conver- 
sion film or a dielectric reflecting film for controlling the 
color of light emission. 

[0077] The color filter film used herein may be a color 
filter as used in liquid crystal displays and the like. The 
properties of a color filter may be adjusted in accordance 
with the light emission of the organic EL device so as to 
optimize the extraction efficiency and color purity. It is 
also preferred to use a color filter capable of cutting ex- 
ternal light of short wavelength which is otherwise ab- 
sorbed by the EL device materials and fluorescence 
conversion layer, because the light resistance and dis- 
play contrast of the device are improved. An optical thin 
film such as a dielectric multilayer film may be used in- 
stead of the color filter. 

[0078] The fluorescence conversion filter film is to 
convert the color of light emission by absorbing electro- 
luminescence and allowing the fluorescent material in 
the film to emit light. It is formed from three components: 
a binder, a fluorescent material, and a light absorbing 
material. The fluorescent material used may basically 
have a high fluorescent quantum yield and desirably ex- 
hibits strong absorption in the electroluminescent wave- 
length region. In practice, laser dyes are appropriate. 
Use may be made of rhodamine compounds, perylene 
compounds, cyanine compounds, phthalocyanine com- 
pounds (including sub-phthalocyanines), naphthalimide 
compounds, fused ring hydrocarbon compounds, fused 
heterocyclic compounds, styryl compounds, and cou- 



marin compounds. The binder is selected from materials 
which do not cause extinction of fluorescence, prefera- 
bly those materials which can be finely patterned by 
photolithography or printing technique. Also, where the 
s filter film is formed on the substrate so as to be contig- 
uous to the hole injecting electrode, those materials 
which are not damaged during deposition of the hole in- 
jecting electrode (such as ITO or IZO) are preferable. 
The light absorbing material is used when the light ab- 

10 sorption of the fluorescent material is short and may be 
omitted if unnecessary. The light absorbing material 
may also be selected from materials which do not cause 
extinction of fluorescence of the fluorescent material. 
[0079] In forming the hole injecting and transporting 

is layer, the light emitting layer, and the electron injecting 
and transporting layer, vacuum evaporation is prefera- 
bly used because homogeneous thin films are available. 
By utilizing vacuum evaporation, there is obtained a ho- 
mogeneous thin film which is amorphous or has a crystal 

20 grain size of less than 0.1 urn. If the grain size is more 
than 0. 1 pm, uneven light emission would take place and 
the drive voltage of the device must be increased with 
a substantial drop of charge injection efficiency. 
[0080] The conditions for vacuum evaporation are not 

2S critical although a vacuum of 1 0* 4 Pa or lower and a dep- 
osition rate of about 0.01 to 1 nm/sec are preferred. It 
is preferred to successively form layers in vacuum be- 
cause the successive formation in vacuum can avoid 
adsorption of impurities on the interface between the 

30 layers, thus ensuring better performance. Also, the drive 
voltage of a device can be reduced and the development 
and growth of dark spots be restrained. 
[0081] In the embodiment wherein the respective lay- 
ers are formed by vacuum evaporation, where it is de- 

35 sired for a single layer to contain two or more com- 
pounds, boats having the compounds received therein 
are individually temperature controlled to achieve co- 
deposition. 

[0082] The organic EL device of the invention is gen- 
40 erally of the dc drive type while it can be of the ac or 
pulse drive type. The applied voltage is generally about 
2 to 20 volts. 

EXAMPLE 

45 

[0083] Examples of the present invention are given 
below by way of illustration and not by way of limitation. 

Example 1 

so 

[0084] A passive matrix light emitting device was fab- 
ricated as follows. 

[0085] On a 7059 glass substrate (Corning Glass 
Works), a transparent ITO electrode (or hole injecting 
55 electrode) was deposited to a thickness of 85 nm and 
patterned so as to define pixels in a matrix of 64 x 256 
dots (each pixel sized 280 x 280 u^n). The substrate hav- 
ing the patterned hole injecting electrode was subjected 
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to ultrasonic washing with neutral detergent, acetone, 
and ethanol, pulled up from boiling ethanol, and dried. 
The surface was further cleaned with U V/ozone. There- 
after, the substrate was secured by a holder in a vacuum 
evaporation chamber, which was evacuated to a vacu- 
um of 1x1 0" 4 Pa or lower. 4,4',4Mris(N-(3-methylphe- 
nyl)-N-phenylamino)-triphenylamine (m-MTDATA) was 
evaporated at a deposition rate of 0.2 nm/sec. to a thick- 
ness of 40 nm, forming a hole injecting layer. Then, N, 
N'-diphenyl-N, N'-m-tolyl-4,4'-diamino- 1 , 1 '-biphenyl 
(TPD) was evaporated at a deposition rate of 0.2 nm/ 
sec to a thickness of 35 nm, forming a hole transporting 
layer. Then, tris(8-quinolinoiato)aluminum (Alq3) was 
evaporated at a deposition rate of 0.2 nm/sec to a thick- 
ness of 50 nm, forming an electron injecting and trans- 
porting/light emitting layer. Next, MgAg was co-evapo- 
rated at a deposition rate ratio Mg:Ag = 1:10 to a thick- 
ness of 200 nm (dual-source evaporation), forming an 
electron injecting electrode. Finally, by DC sputtering 
using an aluminum target, a protective electrode of alu- 
minum was deposited to a thickness of 200 nm. 
[0086] The glass substrate on which the organic EL 
structure was deposited was transferred to a glove box 
through which nitrogen gas was passed. An epoxy resin 
adhesive of the UV curing type (30Y296D by Three 
Bond K.K.) in an uncured state, 100 mg, was applied to 
the glass substrate. A mesh bag containing CaH 2 parti- 
cles as a desiccant was secured to a sealing plate of 
7059 glass (Coming Glass Works). The sealing plate 
was laid on the substrate to define a gas-tight space of 
about 100 urn in height. A pressure of 3 kg/cm 2 was ap- 
plied to the assembly while the glass plates were slid 
back and forth, thereby forming a thin layer of adhesive 
between the glass substrate and the sealing plate. Since 
the adhesive was filled with 1% by weight of spacer 
beads with a size of 7 u/n, the adhesive layer was 
formed to a thickness of 7 um UV radiation was irradi- 
ated to cure the adhesive, completing an organic EL dis- 
play assembly. The amount of the desiccant was 0.01 
mg/mm 3 of the space within the gas-tight casing. 
[0087] With a dc voltage applied in the ambient at- 
mosphere, the organic EL display assembly was contin- 
uously driven at a constant current density of 10 mA/ 
cm 2 for 1 ,000 hours under accelerated conditions in- 
cluding a temperature of 60°C and a relative humidity 
of 95%. The enlargement of a non-light-emitting area 
was examined. After 1 ,000 hour of drive, this organic EL 
display assembly showed a non-light-emitting area fac- 
tor within 10%. The non-light-emitting area factor was 
calculated as (non-light-emitting area)/(pixel area) 
x100%. 

Example 2 

[0088] An organic EL display assembly was fabricat- 
ed as in Example 1 except that the same amount of Srh^ 
was used instead of CaH 2 as the desiccant. It was sim- 
ilarly examined, finding a non-light-emitting area factor 



within 10% after 1,000 hour of drive. 
Comparative Example 1 

5 [0089] An organic EL display assembly was fabricat- 
ed as in Example 1 except that the same amount of BaO 
was used instead of CaH 2 as the desiccant. It was sim- 
ilarly examined. After 1 ,000 hour of drive, it showed a 
non-light -emitting area factor of more than 30%, failing 

'0 to function as a display. 

[0090] As compared with the comparative organic EL 
display assembly using BaO as the desiccant, the or- 
ganic EL display assemblies within the scope of the in- 
vention are minimized in the enlargement of non-light- 

'5 emitting area and have a longer lifetime. 

[0091] There has been described an organic EL dis- 
play assembly which is easy to fabricate, substantially 
eliminates the influence of moisture and other deleteri- 
ous elements, deteriorates little with time, and maintains 
20 the initial performance over a long period of time and 
hence, has a long lifetime. 

[0092] Japanese Patent Application No. 10-181458 is 
incorporated herein by reference. 
[0093] The invention has been described in detail with 
2 * particular reference to preferred embodiments thereof, 
but it will be understood that variations and modifica- 
tions can be effected within the spirit and scope of the 
invention. 
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Claims 



An organic electroluminescent display assembly 
comprising 

a gas-tight casing, 

an organic electroluminescent structure re- 
ceived in the casing and comprising a hole in- 
jecting electrode, an electron injecting elec- 
trode, and at least one organic layer disposed 
between the electrodes, and 
a desiccant disposed in the casing out of con- 
tact with said organic electroluminescent struc- 
ture, the desiccant comprising calcium hydride, 
strontium hydride or a mixture of calcium hy- 
dride and strontium hydride. 



2. The assembly of claim 1 wherein said gas-tight cas- 
ing comprises a substrate on which said organic 

50 electroluminescent structure is laid up, a sealing 
member disposed above and spaced from said or- 
ganic electroluminescent structure, and a sealing 
adhesive for bonding said sealing member to said 
substrate. 

55 

3. The assembly of claim 1 or 2 wherein the space be- 
tween said sealing member and said organic elec- 
troluminescent structure is filled with nitrogen, and 



10 



EP 969 700 



Page 1 1 of 1 4 




EP 0 969 700 A1 



20 



said desiccant is calcium hydride. 



70 



75 



20 



25 



30 



35 



40 



45 



SO 



55 



11 



EP 0 969 700 A1 



FIG. 1 




12 



EP 0 969 700 A1 




European Patent 
Otllce 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 30 4564 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate. 
ot relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lntXl.6) 



A.P 



A,D 



A,P 



A.P 



A.D 



EP 0 859 539 A (TDK CORP) 
19 August 1998 (1998-08-19) 

* claims 1-12 * 

EP 0 776 147 A (PIONEER ELECTRONIC CORP 
;PI0NEER ELECTRONIC T0H0KU (JP)) 

28 May 1997 (1997-05-28) 

* claims 1-10 * 

PATENT ABSTRACTS OF JAPAN 
vol . 099, no. 001, 

29 January 1999 (1999-01-29) 

& JP 10 275679 A (TOYOTA CENTRAL RES 

&AMP;DEV LAB INC), 

13 October 1998 (1998-10-13) 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 098, no. 013, 

30 November 1998 (1998-11-30) 

& JP 10 214683 A (SANYO ELECTRIC CO LTD), 
11 August 1998 (1998-08-11) 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 016. no. 067 (E-1168). 

19 February 1992 (1992-02-19) 

& JP 03 261091 A (PIONEER ELECTRON CORP), 

20 November 1991 (1991-11-20) 

* abstract * 



1-3 



H05B33/04 



1-3 



1-3 



1-3 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.6) 



H05B 



1-3 



The present search report has been drawn up for all claims 



Pl»ct nt searcn 

THE HAGUE 



Oat* ol completion ot th« scaxri 

9 September 1999 



Examine* 

Drouot, M-C 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant « combined with another 

documeni ol the eame category 
A . technological background 
O : non-wnnen disclosure 
P : intermediate document 



7 : theory or principle underlying the invention 
E : earlier patent document, but published on. or 

after the filing date 
D : documeni cited mthe application 
L : documeni cited for other reasons 



& : member ot the same patent family, corresponding 
document 



13 



EP 0 969 700 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 30 4564 



This annex lists the patent family members relating to the paten: documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP We on 

The European Patent Office is in no way liable for these particulars which are merely gfven for the purpose of information. 

09-09-1999 



Patent aocument 
cited jn search report 



Publication 
date 



Patent family 
members) 



Publication 
oate 



EP 0859539 



EP 0776147 



JP 10275679 A 



JP 10214683 
JP 03261091 



£ 

C 

o 

u. 

2 



19-08-1998 



JP 10233283 A 
JP 10241858 A 



28-05-1997 



JP 9148066 A 
US 5882761 A 



13-10-1998 
11-08-1998 
20-11-1991 



NONE 
NONE 
NONE 



02-09-1998 
11-09-1998 



06-06-1997 
16-03-1999 



ui For more details about tnis annex :see Official Journal of the European Patent Office. No. 12/82 



14 



